 Polymorphisms in NTRK1 play an important role in pain sensitivity in young Han Chinese women.
Introduction
Physical pain is an essential mechanism protecting against contact with noxious stimuli [1] .
However, excessive acute or chronic pain, as pathological states, not only have a serious impact on the quality of physical and psychological well-being, but also cause enormous social and economic burdens [2, 3] . Implementing appropriate screening methods for determining individual differences in pain sensitivity remains challenging. Heritability studies have confirmed that genetic variation plays an important role in human pain sensitivity [4, 5] . Family and twin studies have reported that 20% to 60% of individual differences in pain are attributable to genetic factors in any situation [6, 7] .
In the past few years, many studies have investigated the effects of multiple single-nucleotide polymorphisms (SNPs) in common pain-regulated genes associated with pain perception or sensitivity in general and clinic-based populations [8, 9] . In previous studies, we found that SNPs in SCN9A and SCN10A affected basal pain sensitivity in the general population, and may effectively predict acute pain sensitivity in patients who experience acute pain after surgery [10, 11] .
Recently, we investigated more than 30 cases involving children with congenital insensitivity to pain with anhidrosis (CIPA) [12] , an extremely rare autosomal recessive disorder of the nervous system that prevents the sensation of pain. Loss-of-function mutations in the NTRK1 gene, which encodes the high-affinity nerve growth factor (NGF) TrkA, are known causative factors of CIPA [13] . The NGF-TrkA signaling system is essential for nociceptive sensory neurons and sympathetic neurons in the peripheral nervous system, and plays an important role in the structure and function of nociceptors [14, 15] . Furthermore, antagonists or therapeutic antibodies against NGF-TrkA signaling have demonstrated promising analgesic effects in clinical trials [16, 17] . Thus, it is clear that NTRK1 is closely associated with pain perception. To the best of our knowledge, there has been only one investigation from a research group in Switzerland, which reported that pediatric patients (168 children, 4 to 16 years of age) with rs6336 CT and TT were significantly higher than those with CC during mobilization, suggesting a possible association between SNP rs6336 (H604Y) in NTRK1 and the faces pain scale [18] .
The aim of the present study was to comprehensively analyze the association between NTRK1 tag-SNPs and basal pain sensitivity in a young female population, providing a new perspective for gene-pain association studies.
Materials and Methods
The study protocol is described in detail in previous publications [10, 19] . 5 The study protocol was approved by the Institutional Ethics Committee of Tongji Hospital, Tongji Medical College, Huazhong University of Science and Technology, and was registered in Clinical Trial.gov (ID: NCT01950078). All participants were informed of the purpose of the study, and informed written consent was obtained before commencement of the study.
Study population
The primary study cohort was from the Tongji Medical College, Huazhong University of Science and Technology. A total of 319 eligible healthy female undergraduates, ranging in age from 18 to 29 years, were recruited. All participants were pain-free and of unrelated Chinese Han origin. To be included, participants were required to be female, right-hand dominant, and non-smoking. Exclusion criteria were as follows: use of any analgesic medication within 4 weeks before the study; history of alcohol or drug abuse; menstruating, pregnant, or lactating; and dermatitis, or damaged, red, or swollen skin, in the selected testing locations.
In addition, 197 patients (age range 18 to 29 years), who were scheduled to undergo gynecological non-malignant tumor surgery, were recruited as replication samples.
Mechanical pain sensitivity measurements were performed before the surgery. The inclusion and exclusion criteria were the same as those for the primary sample, and were restricted to American Society of Anesthesiologists class I or II.
Mechanical Pain Sensitivity Measurements
A hand-held electronic mechanical algometer (YISIDA-DS2, Hong Kong, China) was used to assess pressure pain sensitivity and to quantify pricking pain (QPT). Measurements were obtained using three different size probes and assessed on the right forearm at three sites in 6 the following standardized sequential manner: the lateral brachioradialis (elbow joint), tested using a 1-cm 2 probe for dull pressure pain threshold (D-PPT) and dull pressure pain tolerance (D-PTO) measurements; the midpoint of the dorsal region between the elbow and wrist, tested using a 0.1-cm 2 probe for sharp pressure pain threshold (S-PPT) and sharp pressure pain tolerance (S-PTO) measurements; and the midpoint of the medial and lateral borders of the wrist, tested using a 0.01-cm 2 probe for QPT.
Subjects were instructed to say "pain" when they began to feel pain (D-PPT, S-PPT, or QPT) after 5 min stimulation was then restarted and the subjects were instructed to state "okay"
when the pain became intolerable (D-PTO, S-PTO). This procedure was repeated 30 min later, and the average of the two assessments was calculated. The values were all converted into kg/cm 2 for the final analysis.
SNP Genotyping
SNPs of NTRK1 were selected based on the phase 3 data of the HapMap CHB reference population database, from which tag SNPs were then selected using Haploview 4.2 software (Broad Institute, Cambridge, MA, USA). The aim was to capture all SNPs with a minor allele frequency > 5% and set the limit for the pairwise r 2 to ≥0.8. Sixteen SNPs were selected to capture 100% of the alleles in 37 SNPs with a mean r 2 of 0.964. However, of the 16 selected SNPs of NTRK1, rs1800601, rs56252149, and rs926103 were also located in another gene. To avoid the potential functional influence of other genes, these three genes were excluded from the final analysis.
In all participants, genomic DNA was extracted from EDTA anti-coagulated blood samples. 
Genotyping of the 13tag SNPs was performed by the Shanghai BioWing Applied
Biotechnology Company (http://www.biowing.com.cn/) using ligase detection reactions.
Statistical Analysis
Demographic analysis, independent-sample t-test, and analysis of variance of quantitative traits between the primary and replicate samples were performed using SPSS version 19.0 (SPSS Inc., Chicago, IL, USA). All genetic association analyses between NTRK1 SNPs and the observed data were conducted using PLINK 1.07 [20] . This software was also used to determine whether the null hypothesis of the Hardy-Weinberg equilibrium (HWE) could be rejected by applying the chi-squared (χ 2 ) method. SNPs exhibiting deviation from the Hardy-Weinberg equilibrium (HWE) (P < 0.05) were excluded from the final analysis.
Associations between the NTRK1 SNPs and pain perception in both the primary and replication samples were examined using linear regression analysis after adjusting for covariates, and the additive model was considered. P < 0.05 was considered to be statistically significant, and P < 0.01 was considered strongly significant in the study.
In addition to SNP analysis, haplotypes for the SNPs showed significant association with human pain were also tested for association. PLINK software was used for calculating the most likely haplotype combinations for each patient using the haploblock structure identified with the Haploview 4.2 program as a guideline [20, 21] . Haplotype-association analysis was performed using linear regression with an additive model, where all haplotypes having a frequency above 5% within a haploblock were tested one by one against all the others. The covariates were considered, and multiple-test correction for number of haplotypes was 8 performed using BONF correction.
Results

Preliminary Analysis
Of the 319 undergraduates, 10 withdrew due to discomfort during blood collection after failure of the first attempt. Thus, the primary sample consisted of 309 healthy subjects and the replication sample consisted of 197 patients. Demographic information and experimental pain measurement values for these two cohorts are summarized (Supplementary Table 1 ). The mean age of the undergraduates was 22.5 years, and that of the patients was 25.0 years. There were significant differences in age (P < 0.001), height (P = 0.036), weight (P < 0.001), and body mass index (P = 0.003) between the two sample groups. Independent-sample t-tests showed that all three types of mechanical pain measurement values in healthy undergraduates were higher than those in the patients (all P < 0.001).
The analysis of the 13 SNPs in healthy undergraduates, including genotype counts, success rates, HWE P values, and minor allele frequencies, is summarized in Table 1 . The overall genotyping success rate was 0.991. In addition, rs11264578 was excluded because the minor allele did not conform to the HWE (P = 0.001).
Association between NTRK1 genotypes and pain sensitivity in primary sample
A total of 12 tag-SNPs in NTRK1 were ultimately selected for pain sensitivity association analysis according to the detailed method described above. Of these tag-SNPs, there were 9
SNPs that showed significant associations with pain phenotypes (Table 2 ). Among these, rs2644604 was the only SNP showing a normal association with S-PPT (95% CI 0.024-1.216; 9 P = 0.042). The β value was 0.62, indicating that each copy of the minor allele (C) would increase the S-PPT by an average of 0.62 kg/cm 2 . The results demonstrate that these SNPs are not associated with dull pressure pain. Four SNPs, rs1800880, rs6334, rs2644604, and rs943552, were strongly associated with S-PTO (P < 0.01), and all decreased pain sensitivity.
The data for pain perception phenotypes grouped according to SNP typing are shown in Table   3 . SNPs associated with pain sensitivity were divided into three groups according to genotype.
ANOVA was performed to explore the differences between minor homozygous and heterozygous groups and major homozygotes. The results were in accordance with the effects of the minor alleles presented in Table 2 .
Validation of the Promising Associations in the Replicated Sample
In the primary study cohort, four of these SNPs, rs1800880, rs6334, rs2644604, and rs943552 demonstrated statistically significant associations with hyposensitivity to S-PTO (all P < 0.001). Hence, a replication sample was performed to verify this association (Supplementary   table 2 ). The results showed that SNPs rs1800880, rs6334, rs2644604, and rs943552 were statistically associated with S-PTO, and that the β effect of the minor allele was also consistent with the primary sample, resulting in hyposensitivity (Supplementary table 3 and   4) . We also noted promising associations that the mean S-PTO for the genotypes of four SNPs, rs1800880, rs6334, rs2644604, and rs943552 ( Figure 2 ).
Comprehensive haplotype analysis of the four most highly significant SNPs
As the four single most highly significant SNPs, i.e., rs1800880, rs6334, rs2644604, and rs943552, were found, we have analysis the haplotypes of the four SNPs with the pain 10 phenotype of S-PTO. The haploblocks structure of the four SNPs was formed based on our study data (Fig. 1) .
The random combination can form seven types of haplotypes, and the haplotypes presented by individuals in the population should belong to one of the seven randomizations. The frequency distribution in the two populations analyzed in this study is summarized in Table 4 .
Then we performed haplotype-association analysis for S-PTO and haplotypes having a frequency above 5%. Haplotypes CACC and TGTT were significantly correlated with S-PTO in the two groups (Table 5 ). Individuals carrying a CACC haplotype showed that the β values in primary sample and replication sample were 2.46 and 1.97, respectively, indicating that each copy of the haplotype CACC would increase the S-POT an average of 2.46 and 1.97 kg/cm 2 , respectively. On the contrary, the haplotype TGTT had an effect on the reduction of S-PTO (β = -2.09, P = 0.009; β = -1.68, P = 0.016, respectively). However, there was no association between other haplotypes and S-PTO (P > 0.05).
Discussion
We analyzed the relationship between basal pain perception and polymorphisms in NTRK1 in a Han Chinese female population using the experimental pain testing method and the tag-SNP approach. We found that nine tag-SNPs were associated with various pain phenotypes, and four of these SNPs exhibited a highly significant association with decreased sensitivity to S-PTO, which was strengthened in a subsequent replication sample.
There are obvious individual differences in pain perception, including those related to gender, age, psychological, socioeconomic, and genetic factors. To eliminate the potential demographic and environmental effects, we chose healthy female Han Chinese undergraduates as a relatively homogenous population, and used the same clinical setting to select gynecological patients as a replication sample. The results showed that the two groups were significantly different in pain sensitivity. Compared with the undergraduates, who were in good physical and mental health, patients were in a nervous and fragile psychological state because of the prospect of facing anesthesia and surgery, as well as the economic burden to their families. Based on these characteristics of the included population, we believe we were able to achieve accurate analysis of the association between NTRK1 and basal pain perception in the general population.
As mentioned earlier, studies investigating the association between NTRK1 SNPs and pain perception are scarce; therefore, we cannot apply our results to a comparative analysis. Our data revealed that there were no SNPs associated with pressure pain perception induced by the dull probe (1 cm 2 ), while pain phenotypes measured using the 0.1-cm 2 and 0.01-cm 2 probes were associated with several SNPs. In a previous study, we demonstrated that the 0.1-cm 2 probe elicited more rapid, accurate, and consistent responses to stimulus-evoked pain than the 1-cm 2 probe [19, 22] , likely because pain in deep muscle tissue is sensed through Aand C-delta fiber conduction and the skin surface through the nociception device [23] .
Pain threshold and pain tolerance threshold are values indicating the subjects' responses to minimal and maximum nociceptive stimuli, respectively; moreover, pain caused by different stimuli has its own signaling pathways. The NTRK1 gene plays an important role in the development of both the peripheral and central neurons systems. The skin biopsy of CIPA patients demonstrated a serious loss of myelinated nerve fibers, and the number of fine myelinated nerve fibers decreased slightly. We found that four SNPs, which had a significant 12 correlation with pain sensitivity, were not associated with all of the pain phenotypes, and it may be the reason for this.
In this study, we found that rs6334 G>A, which is a missense variant for glutamine to histidine, had a significant effect on S-PTO, increasing the pain perception threshold.
rs6334G>A was a common variant in the CIPA patients we investigated. Although there is no direct evidence that rs6334 is associated with pain sensitivity, previous studies have shown that rs6334 has an effect on some diseases [24, 25] , which indirectly reflects the function of rs6334. The other three intron variants, rs1800880, rs2644604, and rs943552, were also strongly associated with S-PTO; the minor allele effects were decreased pain sensitivity.
Although introns are excised during transcription and are not directly involved in protein synthesis, they may affect subsequent messenger RNA transcription and protein expression, causing a profound effect on disease phenotype [26, 27] . For example, more than 1,300
genome-wide association studies, identifying nearly 6,500 susceptibility loci associated with disease or traits, have been published. The results showed that only 7% of sites are located in protein coding regions and 93% in non-coding regions [28, 29] . In addition, there were five SNPs associated with pain sensitivity, showing hyposensitivity or hypersensitivity, with 0.01 < P < 0.05. For analysis of these SNPs, it is necessary to expand the sample size and perform a corresponding laboratory functional analysis to determine their clinical significance.
To confirm the promising results from the four SNPs that had the strongest association with hyposensitivity to S-PTO in the primary sample (P < 0.01), a replication sample was included to verify this association in the current study. In the replication sample, we found that SNPs rs1800880, rs6334, rs2644604, and rs943552 were statistically associated with S-PTO, and that the β effect of the minor allele was also consistent with the primary sample, resulting in hyposensitivity. Based on the results of the validation, it is possible to determine the association of SNPs in the NTRK1 gene with decreases in pain sensitivity.
Finally, we also performed a comprehensive haplotype analysis of these four SNPs in the two groups. Individuals who carried the haplotype CACC of the four SNPs' minor allele were hyposensitive to S-PTO, which was strong confirmation of our findings of the association between NTRK1 and pain sensitivity. Our data in the current study further supported this concept, demonstrating that the NTRK1 SNPs may play an important role in pain sensitivity, and it could be an effective predictor for individual pain perception lead to more individualized pain treatment for patients.
Limitations
There were a few limitations to the present study that should be considered when interpreting the findings. First, to control for the potentially confounding factors of demographic and environmental effects, we selected young female subjects from a relatively homogenous population. Therefore, it remains unknown whether our research findings can be generalized to other populations. Second, although rs1800880, rs2644604, and rs943552 were significantly associated with pain sensitivity and are located in introns, their functional effect on pain perception is not immediately clear.
Conclusion
This study provided evidence for a link between human basal pain perception and NTRK1 β =regression coefficient, P = uncorrected P value, BONF P = Bonferroni corrected P value.
*P < 0.05
